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[msm 1 ] 

m^^ m^\z ^m-t ^mm^m^ iz is . ^<7>mm±.\zmuxitntJii^<7)'M^^ 5^ - 

m^mmLx^ti. mm-t^. (2) ^ ^ ^-^>^^3'A7tmizw$i]^^^^t-^^. nmx 
ii&iiii¥^f¥.p^^mm'\±n'n^atii^^ ^ z tiz ^ . mm±.^pff&^itm.iz. pff^^^^ 

[m^m 2 ] 

w.fA<^%hmt^ 0. ooijb-'bioopa's <^mmx^^. M?i<Ji 1 \zt^m.<^'^m'-< 9 

— > 0 ^ >S o 

mm'^ 3 ] 

. mm^^A^mzLx\±^'t ^ z hx . Btiwmm\z%%\^mm.<7ymmh\z'i^m^<9 
"kmm-t^. m^m i izmm<^mm^-< 9 - y^m^mo 

[if >RJI 4 ] 
9 -y r^f^^'do 

mmn 5 ] 

ii&tKi^<ryf¥.'m<^mm'\i.n'm^ . ^^pffj^<^ummm^mmLxmi. mm-t^. (2) 

z tiz ^ . mM±<^pfi^^iim.lz . 9 - y xm^-f ^ . ( 3 ) ^ tilc J; o 

fz^ ^<^'\^mxmm^-< 9 - y^mm,-t ^ . z tiz^ *) i^jpULtzz t^^^mt-r^ 
[if ^Ji 6 ] 

mmmmnn t^h^^ ^mu3t iSiU^^^ii-t?>mm^m^mm.mizmm^rix . m 
^mniz^m-t ^mm^m^xs^-yx . ^^mu^^wm-t^f^.iz. (Dnrnxan^n 
i^^mn<^mnmnn^ . ^<^mm<^m^mM^mmLxMs\-. mm-t^. (2) ^ ^ ^-^ 
-^y^-^3 }x 7u 95 ic ^ . mmxii&tJii^comn<^mm'\±nn^Qtiii^ -tt^ 3 

tiz^"). mM±^Pff&<^iiLm.iz . m^<^^<9 -yx-m^^^. (3) ^tiicJcoTs ^ 
[if ^Jl 7 ] 

^ f b ^ ^\f?!t! ^ ^ # '14 W 1^ ^ ± /J^ ^ T ^ 1^ ff^ 't^ ^ 

m*E^m;b^fl!iJi] ^ tlfc ^ ^^mSX'^lkm^^ 5^ - > ^ ff^/j^i" ^ Z ^ ic J; . M ^ Jx iT^ M 

5 icieis^o -^^To 
[if 8 ] 

'tikmrnrnt^^mm^ tifz t ^^^\kmx'fikm^< 9 - y^mf^-t^ z tiz^ 'o . mmfxmt^'i^^t 
iznt>n^um^Mui:-irtL. nmfxm^^t'\±it't irzdb<f)Mm^^^t ltz. mmm 

6 iz mm <^mm^mi^. 
immn 9 1 

±.mmm^-< 9-y\zi$.t^tL^mmm^<^tFmxiimm-<-:^ h cowmizisx^x . ^m<^ 



imsm 1 0] 

5 lcl5IS<7) ^x-b> ^mi^o 

immn 1 1 ] 

1 ^^mMmm'^\zmm-t^ z tx. ^^mmco^m^^m^mmi^^ z t^^mt trz. m 
[m^m 1 2 ] 

To 

[If Jl^Jl 1 3 ] 
[If J|<JI 1 4 ] 

immi 1 5 ] 



[ 0 0 0 1 ] 

^ xitm^m.m,\z^m-t ^mm^mmiz^-^^x . ^ ^mM±.\zmmxiintfii^c^'^m^< 9 

- > ^ jf^/^i- ^ ^vs;^ ^^M^vS -^-01^ L /cmiffl 5^ - > ^ ^ ^ X -fe > -4- & z/mmmm 

UlcM-t^ ^(JOT^^o *^BHii. :^ ^RumM^M^<^HWr^^lzi^\^X . ^ 

mm±.izmm'\tnn(^mm^^ 9 - y^mti^-t ^miz . ^ <^m&<7^mmmm.i}^mm ^nrz^ 
^^'\kpsxmm^^ 9 -y^mm-t^ z t^-^mt-t ^mm^^ 9 - ymm:fi'{iR'0'^ ^ft^m 
m&^i^m-t ^^<^x^^. ^¥^mii. mx.it. mM'\±nn^^^ 9 ->mfR\z ^ ^m^m. 
m^< 9 - y ^r^f^. munn<^^< 9 -y^fj^iz ^ ^ ^^^y ^-^com-mw. Kiii^&^ffT 

[ 0 0 0 2 ] 

mm^un^'M^'< 9 -ycoi'^mizit. >/^i.r^bvs^fflv^^cr:i-^ ^> xitmm^ 

n -b y^xmmi.izmm^i'^m l . '^^-^^m^^^mi^yn^ :'^xm\^xn^nmi^^^^m^ 
iix ^ . zrih^:^'{t:xm^^ hti^ 9 - ymf^^'tix^^ . mm. -y ^ h ') ^ 
=> y i -^'(kxt. ^ X ^ \z J: ^m9tmtim'Hi\z ^ ^wmt^^^ 9 -y^w^^-t^-H't^x^^ 

o Lij-L. ztih<7y'^\z% . m\z-^ y-. ^ ^^io-fiz'f^m'^ 9 -y^W^)^-t ^W^mtiWi^ 
i)**> ^ . •^J ;i . X ^ - > en l^lj . X a > 3: >y h l-f tl ^ o 
[ 0 0 0 3 1 

[ 0 0 0 4 ] 

\^ \^ i)* h . ^< 9 - y 'f)''Skmith^'Mt^iz^ti. y-s y - > v y^ ^ <^wm • figv^a^^ 
ir<^I^HT^IIS^^M^njb*fflillc o T S fco 'fl^m^< 9 - y (TyMa . y. ') - y <r) 

Mh^mrnxs^ . mm^M a. m X'\±mmt)-'¥i±L ^-t^^ ^ mz. -j^^mt^'i^^^ t 9 - y 

■bmL < ^ ^fzdb. X h iOttltlci!JFI**#>^ c -i y ^ i^' ^ y h It . f$ ffl hj" pjg ;5r S $B 
H)b**g 5-5 0 mP a • s X 3h . i^mizm^^o ^ic. fiT-l^^S^ # t? ^ - x N h ^ 

^ X(/)mmi}^^ < . ft^mmmtm^^o mz. x ^ -^epi^ijvi. xii-f>^>^* 
itmmx^h^. 

[ 0 0 0 5 ] 

mx.it. mmmmr^^ikizmihfj's^'^x. ^(r)mf^(^m^m^izmm'\i.nn(^'am^< 9 - 

ymti^-t^ztit. y. ^ ') - y BUmi. y ^ iy ^ v h BUmi . wmM^^^'iixit . f5rtits 

mx3h^. mm<^-m^:^v ^y . ^^mf^cT^n^^m^izmt^wm^mm^^ 9 -y t 
Lxmfi^L. ^co^mt-humm^w -yx . mm^mnmz ^ *) ^-m-t ^ >- u<^m^ 

x^. wmmm^fj'ti^m^'^ ^ fzdh . ^^mf^iz''^m^<9-y^mf^^m<w^^f^-t^zti}^ 
ittv^. ^iz. mmmmxnm^jf^^fiK-t ^m^. -i- jnj-^mnt-t^m'\i.m^nm^<9 

- y ^mf^-t ^ z t tmt < . '\±m<^m\^'^mM^^ 9 - y \z^£ ^ ^-t^-^. ^<^rzdb. mmix 
m^^iB^z-ffzibiz . hi - 9 mm^'Z^^ t-t ^v<^mmt^s^^ fz. 

[ 0 0 0 6 ] 



iSilt. A 7s 7' U >V Mil IC *5 T . -^7^ # ^ V IC ^ ffl tl ^ J; ^ ICfc o T 

[ 0 0 0 7 ] 

ni^<^mvKRu^^'^m^^t$m^<7>'^mm'^'kmmLx^m. mmi-. zn^. ^<7>m 
ymr^ti'm tLxmm-t^ztit. ^ < ^^^tix^-^^^ij^-^rz. 

[ 0 0 0 8 ] 

[^#fF3Cfi^ 1 ] nm 2003-31761 8 -^i>« 
[#^#s^3Ci^ 1 ] J. E. Smay, Langraui r 2 0 0 2, 1 8, 5 4 2 9 

[ 0 0 0 9 ] 

mute v^T . S«±lcff^/3^-t § /c^x?^. f-db^siL. H M L /c Pl^ tt ^4 ^ ffl . )f^i^ 
ff^ ^ (7> ^ ^ ^ a- P/f ^ <7> M it ^ . ^ ^ P/f ^ » M JH )b ^- §IJ ffl ^ tl ^ t 

'^mxmm^^ 9 -y^mfi^'t ^t^m^m^-f ^ zt^nrnt LxnMm^-^mi3.rz'f^M. 
^ A ^-<y -^^mmL rz!!i^&comm-^mm-t ^ z t xmm<^ B^i^^ff^tm^ z t^^m 
L. ^^m^^f^-f ^izm^ fzo ^^mit. ^^^^'^y ^RumM^m^(^mM±.izmmx 

Lxi'?m^rLrzm\&^< 9 -y^mf^^mtLx^ts^^^y^jk z/mm^m^ ^i^m-t^ 
z t^Bmt-t^ij<^x$y^. 

[00 1 0 1 

xitm^mmz^m-t ^mM^m^\z^\^x . ^ cry^M±\zmMxitmjii^^'^m^< 9 - 
y^jf^i^-t^^'Axs^^x. 1) mnxitmiii^^!^^n^mm'\tun^ . ^^m^^^'am 
mm^mmLx^m. mm-t^. 2) ^ ^ ^^-^y-^^s'Ajt^izwm^'iitci^^h. nmx 
iimiii^<^mn<^mm^nn'ki±iii^ ^ z t\z J: *) . mM±.<^pif^<^^m.\z . 0f^<?>^^° 
9 -yx-m^^ ^ . 3) ^niz^-ox. mm'\inn<^^fi^^X'^^ni^com^Ru^mvt 
m-^^t^m^^mmmj^ij^mm^titz^ ^covtmxmm^^ 9 - y-^mfi^-t ^ . z t^nm. 
t-t ^ ±m'f!km^< 9 - ymf^:b'tf.. 

( 2 ) mn<^'^^mf]^ 0. ooi^^^'bioopa-s <^mmx^^ . mm ( 1 ) izt^m^''Sk 

( 3 ) ^ ^ 7^-^^ ^<?^[tttiigp<7> ; xji^mtmm^mn^^^iim.mi^ii]^'K\-^izmm'i±-f . 

( 4 ) ^ 7s -<> -4- <^ ttt tH §i5</> ; X >i hmu<r)mnm-^£itLm.mi^i~kmm^x . mum 
mr^Vi\zm(hi^^^^mwL<^mj^^m-&m>^\z. mm'\^nf\^mm't ^ . tuiQ (i) \z%^m 

<r^wm^< 9 - yr^f^^'Ao 

m^x3h-ox. m^ni^^tmmLxnmfxm-^mz-tnmu^mf^-t^miz. n 
xitntiii^<^mn^mm'\tnn^ . ^^pix&<^mmm'^^mmLx^i[. mm-t^. 2) 
^^x^>-^^3 )X7tm\z^m^ . mmxitntxi^<^mn^mm'\i.wn^Qtiii^ 



( 6 ) mm^mnnf}^ ^ ^mum t i^u^^^ii-t ^mm^w.9Lm^mizmm^ nx -^^ ^ 
. m^M^iz^m-t ^mm^mmx3h . ^(^^tmrn^mf^-t^miz. n mmxitn 
tKi^cr^m-n^mnmun^ . ^^m^cr^'iikmmm^mmLx^ii. mm-t^. 2) ^ 
-^y^^ 3 'A7t^iz3$i]^ nm X It &tfii^<^m$\-^mnmnn^ otitic z 
hic mM±^pff&<^iimiz. m^<^'^ 9 -yxm^-t^. 3) ^niz^^x. mm 
'\itin<^^ff^^x^^ni^<^mviJkv^^^Vim^^t^m&(^mmmmt^mm^iirz * ^<7) 

( 7 ) Wiit^Runm^^tsmm'\±un^3LfR^x^^n^^r^'\kJkz/^mmM^^tspfx 
^^mmmmfj^mm^ nrz t ^^^\kPMx'fikm^< 9 - >^mf^-t ^ z t\z ^ . mmfxmt^ 

( 8 ) mit<^Rumm'k^t^mm'\±nPt<^^fi^^x^^ni^<^mvKRu^^VKm^^t^m 
^(^mmmmti^mm^ fifz^ ^<^^^mxmm^^9-y^mm-t^ ztiz^^. mmixmi}^ 

le ( 6 ) izmm^mm^tm^o 

fa<7)^ft:il^ i: ^ft:i^^*^*fJW^KW i: L . 1 5 0 °C 3 0 0 ^T<?>SST^n 

>c;^ jc 7 ^siaifesiiiticiiffl-t ^ z tx. ^ ^mu<^m^^^±mmit):h z t^^mt l 
fz. mt^(b) \z$^m^ ^ ^-^^y-^Mi^. 

(11) ±mm^mmt]^uw^ fifz^ ^<^ViPMxm^x^ ^mm^< 9 -y mi^^ ^ y ^ 

J: 7 ■^j:mmmmm.izmm^ ^ ztx. ^<^mm<^^m'km±mmib^ zt^^mtt 
fz. mm (6) \zmm<^mM^-m^. 

(12) Jiie^x^> -^-^Ticfci^T . tam^f^j^ii^ffl § c i: ^xt^tii-iiisiBH 

-b > +>- * T o 

(13) *SH^'i4;^^'»ifflMm**fi5iJiP ^ tif- ^ ^<r)^nsx'm^xB ^&]iii^^< 9 -ymm^ 
y L y CO X ^ t^-^ ^ ^ umTmm.izmmmm-t ^ z tx. &in.t^nncon'\t-^y^t- l 

X. i&si^fpT't ^xjt.^ai^^'iSv^. mm^'<9-y^mfi^'t^. Huie ( 1 ) icie«<?>jsK 

tifc * ^<^^Rmxmm±.<^pi\&coiiLm.izr^f^^ fix\^ ^ z t^^if^mt't ^ -^^^ 

o 

(1 5) nmnxitntxi^^mm^^ 9 -y pf\&^m^B'\±]kuxxitmBmmf^^mw^ 
tifz^ ^covtmxmM±.^m&<^i^m.izr^f^^tix\^^ z t^iftit t-t-sMm^mHo 

[0011] 

)X\z. ^mmiz^\-^x'mizmmizMm't ^ o 

^mm^'^m'< 9 - yjf^^f^:^'tiit. DfM'tt if t mMU t ^ mt^ixfZiz ^ ^ mm^t^tn 
m^t LTt^iti-t^ ^ y ^ xitm^ mnizmm-t ^ mm^tm^iz K ^ X . ^(r^mm^ 
izmmxii&tjii^<^'{ikm^< 9 - y^mt^-t ^:^mx3h':>x . mmxiintKi^<^mn<^mm 
mtn^. ^^mm^mBmm^mmLx^m. ihml. ^ ^-<y^^ 3)X7tm\zi^m 
^if^r*"^. mmxiiW:tJii^comn<^mm'\i.nm^Qtiii^ "it^ z tiz ^ *) . mmi-com^ 
coiiLUiz. m&co^^ 9 -yxm^L . ^iiiz^^x. mm'\ifiPt<^^f^^x^^ni^<^m 



z t ^ ^^m t -t ^ ^ c/) 3h ^ o 
[00 1 2 ] 

Tii^'v-^o ^fz. ^¥tm\zh-\^x . mm'\in$[<^3Lf^^xs^^n^cr)r^i\}iAu^^VKm^ 
^tspff^iDWimmmfj^mm^ fifz^ ^cD^\){pMx'iikm^< 9 - y ^r^f^-t ^ t it. mz.it. n 
f-^ ^ xi}^-)- J ^-h'i(D±^^x. n^mt^^m^ iifzW^it^ . xitm^B'M^mitf^<^ 
ni^ij-h-^j: ^m^^mmmm^k^-t ^mnmnn^k . ^ <^mmmm'kmw l x mm 9 - 

i)^^. mi^xitntni^kmia,^ "H:^ tit. m^it. ^ 7-.-^^ ^^m^-^x . muxitnta 
i^cnmp^k. mm^^-mm^ ±. xit y ^ \. ym<^n^<^m^izmn&3izmfi^'t ^ z t-^ 

[0013] 

:*^BHTii. m^iz^^Lrzm^^^^^umm^m^M. xitmtimt-t ^m^^mi^^ 
m<^-'ox3h^m^mn<^mfi^i}^. ^ T^-^y^-^m^-^rzn'fixnt^ti. ^tz. mm<^-\t. 

xit. ^rih<^mi^^Kcmf^it. m^<^nm. mm.. mmBmmizft^cx^Miz^m't ^ 

Z t t^'X B -5 o 
[00141 

^m'\i^xmnt^m,<^'is,^:^x-kmu)xft^iz^ ^xmrn-t^ t. mtytt^^^-t^. 
z<Dm^mft^<^^miz J: 'yx^±-t:hm3^^j:umm^. mm^mum^mm lt^m^ 

^-^'l ^-IZ^^^ Z t f}^X^ ^mnxit. M^^ff^/^tCfeV^T ^ -^^fgffl-t 

^ztx. ^^m'\i.m^^x^y^xitmm¥im^ki^iPi't^zti)^xB^o ^¥tmxit 
. mx.it. '^j^LfzmMJxfziz ^ ^umm^^ki^-ttzdh. >- ') ^ > mm±.izm^ i m 
i^iT'^^y y'i^y izm'^rzmmtL. ^niz^^. m^^m^m^iSi'i^-t ^ 1 1 ijiz . m 
m-^^m^m^mm^xiSi'i^ l . m^<^ft^^'\ik\^±^ z t ^^rnxs^^. 

[00 1 5 1 

m m L X m%:^ ^ 'I ^ - \z^ x^x . zn^mtint Lxmm-t^rzdb^iy7.^ux'$^^B 
mmm.mM^mTxitmm^^^7.^y ^^t^iit-f ^ z t t}-^xB ^ . fi^. m^mrm^. 
^hmmmmm. ^^Ltl t^v \-Hm<^¥^m\zt^t£^'^. ') ummiziXh -^x . -y h 
m^M^^m:^ 'I ^ - m t'^z^m t^n. ^ ^ u m^mm.^m.m it. ^ u 9 - ^-^m 
titm^x *) mmmi}^^j:\^rzdb. ^^mxmn'i^com^^ . z<d-7 ^ ^ umm^^m^-^m^'^rz 

ms^^j:Mn\^mx. m^m<^:^x^iiii}^^mx^^ . mM^ifT^^zy^committm^ti 

T ^ o 

[0016] 

:^^Bi!Ttt. 7. h ^izm^^mizMf^Lx ^n^m^MLx'^m.-t ^ z tx . 
&stcnm<^mm.t'. mi\im<^-y mz^(r)^m\zWL-y j ^'--v >i±% ^^n^m 

h^^WL^rLrzm.^iifhtj::^ ^^\z. mn<^-<-xv^mm-t^o ip*,. mmt. ^-xh 
■\k<^nn'km=f-mm\zmj^\^xh-hi]\imm^Lx^m,~t ^ z tx. mm-^^j:mm<^mmi}' 

. mit^^-^ J n^t . Mtc. ^ <f^mm\z^-i- J ^ - h >i -^^^ ^ ^n^m t i)^^Wi^ ti 
fzm^i^ t ^ ^ ^ iz . j'dbmnni^Rz/^n^^''^mmm^^ni L . 7. \. ^ 

mm-t^ o mitfu^-i- j nj- 1 txit. m^it. -r >i ^ +. >■ ^ . ^fbx x:^ n^m t 
Lxit. mx.it. Ft. F d. Au. '^mmmtLxit. mx.it. m:it^^mmiz^m<^ 
■y ) )b^-p/f /^<^ ^m^t^ftjT 5tK ^fix\^^ mm^^m^--^ ti ^ zfihizum-^ti^^ 

<7yXltt^\^. 

[0017] 



iu\^mmt-^^mx^^ z t . z<7)mmmM'km\'^ ^ z tx. ^r^^ ^ ^co^uf^mi^^'^mt 
^ z t . ^ij^m^-f ^ti^ o 

[0018] 

-^¥tm<^fj'{t:^mm-t^ztiz^'). m 1 icfjkL fz ^ ^ ic. mih<^3h^m^wkmx^ . 
mn^j:mvK<^^^ 9 ij^mt^xB m2\zit. ;^y^\.y<^±mizmm^'<9-y-^mfi^ 

m^^it. ^ y ^ y <^rmizmf]$.L ten flit ^j: ^<^m^. mi^^i^j:'^9- 

>mfRf)'^m-^^'T' ^ ^f]'f{:t^m^mrirz±m'\±^n'o h^z.hri^. ^ gnv^T 
m^^m^'M^-f ^ zhx. ±ie<7)>N- 9 -y \:i9v<r)m.m^< 9 - > mr^^^ mx ^ ^ . 
It. ^ ^ > ^mmizMih.mB't ^ z tx . ^r^ik^mm^m < z t ^Tifmt%x.^n^. 
^fz. m^^it J X >i(D \H ^ < -f ^ z 1 1 . otii!,m^'i^h-t z txmf^x B ^ o 

[0019] 

mm^ tifz^ ^<f)^\knBxmm^< 9 - y ^r^f^-t ^ z t itmmx^ fz. ^mn^ 
f]'ii:xit . f^m'\i.nn(^ ^ h ^ ±f^^x ^ <o m-^jku ^ m v^m^ ^ m 'm. 
mmmij'Mm^ nrz^ ^^^\kmxpi\^<^Wim^< 9 - y^mf^-t^ z t t^^mx^ . mx. 
It. mm'\±nntLx . ^tdbmmmm'^mmLxmmLrzmitf!} tnm<^^- ^ h ^m^^ 
fzm^. ^<^mmmm'^^^izmnLrzmxm^<^mm^-< 9 - y^mfi^-t z tt^'Bsmx 
*>^o :*:^HHii. mm^nncommmittmm^^ 9 -y^mnmitt^mm^izmi^-t 
^ z t^Tijmt-t ^^^xsy") . niz. J u$[^mm'\i.'^?^^^^t Lxm^X'^h^ . 
^mnit. mMLfc. ii^^(^'tikmmm^i^-t ^mm'\±um^mp^^ . ^c^'fi^m 

mm^mntxm.m^< 9 -yit-t^ z tx. nmfxmiz ^ ^^tm^^^mm^ t l xt^tii-t 
^ :^:^^y ^ xitm^nmzmm-t ^mm.m^mmm\zwm-t ^ z t^^miz-t ^ t 
Lx^mx^^ o 

[ 0 0 2 0 ] 

tfc. is;^BHTtt. wm^^9-y\z^t^n^m.wn^^x\tm^-^-^v<7y\fm\zis\^x 

1 5 O'Ct-h Z 0 0 °C "^X <T^Um.Xl]\imMM't ^ Z hX . + J ^ - h >v ^m^w%i 
=f <y) Ma i¥<r) 9 - y W^f^ti^^ n^X ^ ^ . ii'^iiSv^MS * T/jnM L ^Sr i: ^mUit'^(r) 

* ^<7^^cox^ . mui^xmp^-t ^ h^mn.wm.^i}^±% < ^j: ^mmt^sh^ tz. ^mn 
xit. m^it. uit^i^ t^m^w^fi-^u^Lxmrn-t z tiz^ ^x. 1 5 o°cum<^^ 

[ 0 0 2 1 ] 

^ 7.-<y ^x^< 9 - y mf^h'^m^^fzmitmufzi-fizm^ 'Srv^^ mx.it. ^m-i^y^'^-^ 

x-t > -fj- T<3b o T . ^^mi^ti'P^^w^f^iz^^m<^ 9 - y mf]^n'tt:^mm-t ^ z tt^x^ 
■So mMcoi^mxit. -7 ^ i^Mi^-^^mit^^mi^fin^Mmzit. ^^'<v 9Mm(^ ^ 

fjummm L T^^sufb-t-Bc 3<7)7'a-b y^xit. ^ ^ ^ mTizmmw^Tkittc^-^ ^ 7 izm 
timmmxi^umm-t ^fzdb. -\'^-^x-\±m<^^mi^nn^i'pm-t ^ z t iom Lt^^tzo 

[ 0 0 2 2 ] 

^ V ^ ^mt^'km^^tz-^ ^ ^ r:'mj-lt. m^lt. 0. 5 p pmi:v^7ffill)5<^** 
p m U ^ ^K75fi-il)g^X^^^tii-t ^it^. ^ (7)^±-mmit 1 -7 ^ ^ h nmx 3h ^ . 



-kf^mx^tz (iii2s 0 3) o c<?>i^m^m*Tii. m'm.n<r)m.n\^fzm'm.'^)^ts:^x. ^ 

*) mf±^±B <-t^zt t^'Tijmxs^ *) . 04^1 m^mmnt-^ -5 -t > -^^^ t itm-t 
^t. zcDM^it. 2 0 m<^mnnf}^ ^-^^ ?^mMm - ^< ^ Ji) x$^ . z<DmMm 

[ 0 0 2 3 1 

^± LTz (06) „ tamit^Jt^. M^Z . 2 'C<T)Ummh-hn^ 13.4 mV <r)mB^^^ 

\^tz (mi) o s^iiumm-^rz <r^m,f±xmm.-t ^ t . ^n^'n 0 . 1 m v/°c .4.2 

mV/°Ci:^:^. iC + fg Mff ft ^ r^>] ±. t ^: ^ „ mt^^m^^ 2 0 t ^ m^i)'m ^ ii 

rz<^ii. mmuitsiwi^m^iz ^ ^ ^^x3h^ t ^ x. hn^ o 

[ 0 0 2 4 ] 

^mniz ^ *) . m-mm^^-^^-yit. ^^izmi^-t^ z tt^^mx^h*) . zn-^^^^ 

m^izm^^ ^ z tx . X 'immm^^^y^mmm^t'Tifmt^^^. ^^nmt. ^tSB^H'^<^^v^ 
^^mi^m^^m.m'fikm^^ 9 -y t Lxr^f^-t^ z tio^-^m^^fzib. mx.it. ^x-fe>-4-<7> 
^/E)^^^. mmit^^. m<^m'\±miti}^mMx% ^ o 

[ 0 0 2 5 ] 

M^tc%»^ J: 7 IC. mf^-t ^ Z th^X^ ^ . 2) ilJSEv^tt^<7)jIl^^flJffl-t ^ C i: 

mmmm^\k\zm&h''^^x ^ . n^m^\z^'^nmuncD'^m^< 9 - y ^r^f^x b ^ . 5) 

y ^ xitmm.¥tm.^m^^mmmf^f]'^mx3h^ . 6) Mtircttfig^«^^^<?:> t ^i^sc^h 
^^9-y t Lxmrf^xB ^ztt-^. m^^-^^t Lx <^mm'\tm'kmm^\zm ^± ^ 
ztt)^x^^. 7) mujxm^h^y^mzni^ti^um'^Muiiir t L . ^^^jxft^vHttfb-t 
^ /ia6<?>^niift^:^^ i: -t ^ . 8) '^uitfu t m^tf^m^t:^ ^wl^ t L X m 

mMM-f^ztx. -i- J - h >i •^^m&''^')^i^<^Wai^'^ ^< 9 - y mfi^t)^X ^ ^ . 9) 
^fz. z<r)'{l^m^< ^ - > ^ > > 7- u > <7> 7 '5r,taifeli^S3tlciiffl-t-S - tx. i7'x^y^ 

Mj-xitmn¥im^\z:^i^x ^ ^mm^^m^^i\r^RMdh ^ z t io^xB . i o) vt-^x 
. ifxii^iiimmmmij^iDvmi^irt-^. b%\ii±<^^m'\±:^x-^n^\zm^T^mt^j:^ 
.11) ^^B'\iRuyxit^mmm.i}^mm^firz^^<^ikmxm^x^^ntn.i¥^^9-y 
mi^'k >>-/u><?>j:7^-7^ -^^T^iticm^tiiffl-t s z tx. 

[ 0 0 2 6 1 

)Xic. ^mMizm'^'\^x^mn^mi^toizmm't ^ i}^. ^mmt. iiir<^^UMizX'^ 

XM hm&^ ti^ ijCOXlt^j:^^o 

[mmm 1 1 

[ 0 0 2 7 1 

-^y ^^m\^xmuh\zm.m<^'§im^< 9 -y^r^rt^ t tzo 

[ 0 0 2 8] 

( 1 ) mmmm^jkif-<~-7. v nn<^mm 



[ 0 0 2 9 ] 

( 2 ) ^ 7. > +h ic J; -5, 5^ - > 

mM^i'pmLrz. mm<^i^B ^ it . o . 5-2. omm^Hff^. xiiipso. 

[ 0 0 3 0 ] 

^^fffe^'^v^ (3 if X < - h mx < ^ fz ^ . ±\'^mt^ 
XB. m^^.Xlt ^ ± < ^ . ^ B ri\^xm\^m^-M^-t ^ fzdblzit . mx.lt. lA)^** 

m 3 0 0 0 c p h m.n^m^'^ rzM a . 0. 0 5 mp a iiiT<7)^t\j±T'<- x h 

m^^^^ ^ ^u&w X. ^ t t^iz. m^-f ^mmt'tiAM^^^^f^mit 0.03 mmi-^ir 

X^-<- ^ h ti-^^-f ^ Z tX''Skm'< 9 - >^f^fi^X^ h Z hii^^t^ ^ Tz. 
[ 0 0 3 1 ] 

( 3 ) twmiz 9 - y ff^fiK 

tfc. tb$^^rca6. Mlc. fti^^f fffi<?>/ca6lc. [b] i; - 7. h ^ >• > [c ep 

X h ^ liiSiJ L . 4 0 0 "CT 1 ^Pi^j^^Si-^ C i: d= o T«^j?)l^f1^M L 3 ^ -b ^ 5 

^l^ltL^Co ^J;il^. BB4'*^WM<?>T R 7 0 7 . 1 2 0 0'C^m.X. #?LM^ rT 
[ 0 0 3 2 ] 

tWm^ tiTz^^ 5 -y ^ t 7. -y ^ M^Tf^M L /il^i^ti . 1 0 0 °C i-^l _h <7) fi )5 T 

tj a t?[B] i; ^ta^f '14^ L 5 0 iii T 7s v 9 M^x ifm L rzm.m<^^m& it 

. -fe ^ 5 -y xM^^Jt^. 1 0 0 r i: it^. #^l-^l_h<?>^M^^ t Z^:, 
[^mi5iJ 2 ] 
[ 0 0 3 3 ] 

m-^¥l'^M=f-lkum^s% 7s -h > +)- T . MIS §lp%3z^-. >i ^ - ic 

-tt^Tli. III2. m31ku^A\zir^\^rz^<^X^^. Mm^m^Tli. 

n t - ^ iliat ;J7*Mv^ 6*. S 1^ tc ti . m A <T^^y^M^ hUCX^'O . ftM 7° a -t 7s t fB] 

cT^-So ffiL. 02. m3\z^.Lrzmn?^nm=f-it. p^mu <^ m.m l tzmm^ h ^ x 

^T^ftM 7" n -fe X a . -^§tm^h \z X ^^<r)'\^'^\^m (^f M 2004-075982) 
T'l^lffllcieM^ tlTV^ ^ J: 7 IC. *:^a5tCli. *^ IC ^ ^ 36 <50 > > U > ^ ff^^i" 

-5Xg. z<D ^ y-i-v y }:^\zmiK^m¥inm^^9 -y . 9 9 -y . 9 -y . 

lk-unm¥{f\^^ 9 - y^mi^~f hJ^Uh-hmr^Ltz. 

[%mm 3 ] 

[ 0 0 3 4 ] 

-^^umxit. ^mm i ikum^mm 2 TfiJMLr::^'7st^tti-h> ■^<?>^"7sit;^!rf'i4^ii^ 

/co M-a-^xrL«li 1 0 0 m 1 /m i n X^-^ tz. Mt^ti] i: L T . tK*^ a'ti'^MM 
^^X^^fflL/zo 6 0 #T'vg:^^X^5FtL*6a6. 3 0 0 #T'^M^5ftL ^^(?>_hlc 



[ 0 0 3 5 ] 

itm<^rzdbiz. m5\z. v 9mmx'r¥mLrz^^mu'km^^rz-7 ^ ^ v:'m'm^:^^ 

±.^4.^<^r<. ^c^^^iD*. S S ^ < >5r -5 a6 . ^ mj± ti 'Sr 3 t . ^flc. 

0 r N-filcM^^^DM L ^IttilJ'Sr ^v^ c i: . ^ <?> H i)» alb o /iio 
[ 0 0 3 6 ] 

121 6 ic. -T^ ^ 7s --^ > +)- T jf^fiS^ L W ^ ffl ;c V 7 a M"^!^ 7!f X -fe > +h <?> ^ -g T ^ It^ 
^^f'l4^^F-to ^SN-ffl<7> 2 5 nc*D v^T . $'3 4 0 °Cm±<^M)5±#*^%^fe L . ^^±lc 
Sl^m i: L T i+ lJ-t -5. 3 i: § S 3 i: o fco ^ fz . Z </) UfM^'k . mji it^ izm 

m^m L /eft m.f±ii!,tit ^ z t tj^^ij^^rz. 

[ 0 0 3 7 1 

tii:/3mi±tt[t*^f^ L ^-^b^^-^ 0 . 5 p p m iil f&^lS 5 % I-^l _h ^ ^IJ^ t 

5 w<^n:^^mm<^mf^'kiEmiz^^-t ^ z t t^x-^tzo 
i^mm 4 ] 

[ 0 0 3 8 ] 

m^mmi^'^^Mn'\i.'km-<rz, 

[ 0 0 3 9 ] 

121 8 ic. ^ 7s-<> ^x-mf^L rzmm^m^^rz-^ a 7 ui^i!^tam^m*T<7)^fi-e<7)% 

[ 0 0 4 0 ] 

t^mmx^^t*. ^ <^w^-\k%%m\zm . ^ <^f^ ^ . m^\z^.Lrz^ ^ \z 

. m^mwy\k\z ^ X . ^m\z ^ i>mB<^mw^f^h^±% <^t^^. m\^nmxw^f^\^rzm.m 

9 -y <7^m=f- (.ti) Xlt. J: fficv^-il^cT^MI^^ X-ilST-^^^L fcmjEE tl^o 
[ 0 0 4 1 ] 

M^^7.-3Ft«li lOOXli 200ml /m i n T'fF fffi L /co M^tii ^7, h L T . tKiI^ 

#fc^t\vM^^7s. 3%^f$fflLfco 121 7 ic^ L J: -7 ic . ^ST. 6 0 

#Tvi;^^'7s^-i?rLL*^ia6 . 3 0 0 #TSM-irUC-t^ ^ . ^ (T^l^v^^f te^iil-^f:: h C ^ . 

y^w^r^\^rzm.m'kmv^hzhx. ^ux^m^m^'i^'^tm < . mm\^-^j: <x^m^^ 

[ 0 0 4 2 ] 

tifc^m^TTii. ^ - 9 xnm^mdhxmMixft-^mz Lfz (mx.it. sc 

haevitz, S. B. . et. al.. "A MEMS Thermoelectric Generator", in Proc 11th Inte 
rnational Conlerence on Solid State Sensors and Actuators Transducers ' 01/Euros 
ensors XV Vol. 1 3 0 - 3 3, edited by Obernieier, E. , Springer, Munich, Germany, 2 0 0 1 

) o ^mmxit. mmit^nrzmm'\±m^n-onmup[^m.m-^ ^ ^ r:'mT-izmmitxB 

^ 7.-^y ^iz ^ ^ ^< 9 -ymfi^HWr'ki^m't ^ z tx. MUX ^ + ^\zmM}xmt^m 



[ 0 0 4 3 ] 

m^x^tzM^h. (_hffl) \zmj^\^rz^nm\z^\^x . m^m^^tr^wim. i o o . 20 

0 c c m. TK^-ilS 1 . 3 %lcJt LT^ma^if fffi L /cM^^^-to i^Ttt. HI 3 ^ 
^fflv^/zo C<^^i^i?-'?>. 7K^iSS3 %. rL« 2 0 0 c cnK^^^f^T-^^^mail 0 . 3 
3 ^x Y<1 ij^mhiirz. 
[ 0 0 4 4 1 

m 1 1 





H2/Air flow 
















AQ 


AVs/ mV 


ATa/C 


ATa-b/C 


P/nW 


as 


1% lOOccm 


67.8 


15.020 


9.17 


8.170 


0.832 




3% 200ccm 


67.7 


117.850 


31.13 


17.000 


51.287 




1% lOOccm 


79.9 


13.370 


4.31 


3.210 


0.559 




1% 200ccm 


79.9 


21.540 


7.23 


5.570 


1.452 




3% 200ccm 


30.8 


201.00 


38.35 


20.730 


327.9 



[ 0 0 4 5 ] 

^ tr^^y ^</^tf^i^]i^nhLxmm\^rz. ^mwnn\t. x^m<^mity-^xm^ (AUric 

h Tin Oxide nanopowder 54967-25C) ^fflv^fco ZtL\t. -y J ^ X co '^%i=f- X ^ fio^ 
^ *D iH '14 Z i: T . X ic ii L T o 

[ 0 0 4 6 ] 
( 1 ) - X K ftM 

Z(r>Wt^'^ . >i ^ ir — >i h :r, ^ )i ^ )i u — 7^X iff tz \:£ — ^ >i h 'M,^ L . 
^<?>^ft6tt+tl^^li«i t /Co ttS!b»^v^jt^. m^\t. : ^ >i= I : A <^\tx 1 
0 0 0 0 c P s ^ 9 ) -^b^V^^n LTttl^ii^^ff o /io J: ^ . 5 % :^ ^ ^ - 

^^^n T" . 15 3 0 0 0 c p s * T ilsK L o 1 0 % 5^ ; - ^^^n T . S li 1 0 0 
0 c p s t Tiis^^^ L /iio 

[ 0 0 4 7 ] 
(2) ^ ^ n -b> -tt-^co^ft 

„ -T^-^x-^^^t^fflv^T. 2 oc;> ^ ><;:>^lc S i G e 5^ f^^5 ici^fbx X 
<7)-^- 7. h LT. ^fbxX-7 ^ ^7 n^T^fpMLfco 

[ 0 0 4 8 ] 
( 3 ) ^'xC.^irfttfFffi 

•7 ^ ^ n t - ^ T'^iil*^^< ^ - > ^/]nia L =5: ij-'tb . T - i: 1 % tR^/:^ T - ^ # 
;^.TrLLfcK5F<7)^fbxX^^°5'-><7)g:fJ^'^^b^lf^ffiL/co 1 0 0 r <?):/jnM*frT'. 1119 1c 

f L X -fe ^ 5 -y ^7 7x -h > -ft 60 @, )5 h a [B] c T o o L L . ii S <^ -fe 7 5 -v ^ X -fe > 
+Hi:tb^T. fStlf-'I^H^^ LTli. 1 0 0 °C ^ -7 f&-ST^)t;^3Ift*^Tlv^ Z o 
o iff tc. [HlM;b^ 1 ^(5 ^ i: . ii^c;) -fe 7 $ -y X -h > 1 i: ^ T ?Fli® flS ic 
% tz. 

[ 0 0 4 9 ] 



TS-s. mu^mfm\zm{hh^^'^x%j . n'&m^\zmm'\i.nn<^wm^^9 
ztij^xB^o mMJxmio''i^^izni^n^um^m.uiiir t L . mMix!t^'i^'\iit^ ^tz 

[ 0 0 5 0 ] 

[132] ^ ^ ^ a M^gfam^m^^ <7)ii3H^^-to 
[03] ^ ^ ^mMm'm^nmj-<^ i.mm^^^-t . 
[04] ^ ^ x^px-m.^if 7^^y^ <Dmmm^^-f . 

[m 5] 5^ ^^T'fFM t /i: a^Ml^^fflv^fc^ -i ^ o J^-^ ^ X > "^t 

[06] T i y-^-^y ^XW^J^Ltz^M-km^^Tz^ -i ^ V2^-m.^tr7^^y cr>'^UX<7y 

[0 8] y-^-^y ^xr^m.Ltzm.m'km^^rz^ ^ ^ nm,mp^M^Mm=f-<7y^-m.n'W. 
f}^^rirz^<^x3h^o 

[0 9] ^ -^T'ff^fi!<;L/i:^ii^^^fflv^f--7 ^ ^ ^ 7. -fe > ^ c;^ It^^^f '14 ^ ^ 

-to 

[ 0 0 5 1 1 

1 imm'^i^WW^ 

2 t - ^ 

4 mm • 

6 >; =1 

7 a mit!i^ ' mitm<^^mm 

7 b mitm ' mitm<^^mm 

8 > > u > 



[mm^] mm 
im 1 ] 




im 2 ] 



im 3 ] 




im 5 ] 




[121 7 ] 
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